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Pollination and seed predation of Witsenia maura Thunb., a rare fynbos species, was investigated. Exclusion 
experiments indicated that the plant is entomophilous (although flowers possess traits compatible with ornith-
ophily, which may occur), with Dermaptera and Coleoptera the main flower visitors at the Cape of Good Hope 
Nature Reserve. Pre-dispersal seed predation was found to be low (1.3-4.3%). Post-dispersal seed preda-
tion was also low (4.0%). The role of ants as dispersers of seed was also considered and found to be of only 
minor importance. It is proposed that a short outcrossing distance is beneficial to W. maura and that seeds are 
dispersed by water. 
Bestuiwing en saad-predasie van Witsenia maura Thunb., 'n skaars fynbos-spesie, is ondersoek. Uitsluitings-
eksperimente het getoon dat die plant deur insekte bestuif word (alhoewel die blomme kenmerke besit wat 
voelbestuiwing 'n moontlikheid maak), met Dermaptera en Coleoptera die hoofblombesoekers in die stud ie-
gebiede. Voorverspreiding-saadpredasievlakke was laag (1.3-4.3%), en ook na-saadvrysteliing-predasie 
(4.0%). Daar word voorgestel dat 'n kort uitkruisings-afstand voordelig is vir W. maura en dat saadversprei-
ding deur water geskied. 
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Introduction 
Witsenia maura Thunb. (Iridaceae) is listed by Hall & 
Veldhuis (1985) as 'critically rare' . The only conserved 
populations of this fynbos species occur in the Cape of 
Good Hope Nature Reserve (34°15'S ; 18°25'E) and at 
Silvermine Nature Reserve (34°05'S; 18°25' E ) on the 
Cape Peninsula , and in the Lebanon State Forest (34° 
11'S ; 19°05' E) , while populations also occur at Betty 's 
Bay , Kleinmond and Hermanus but are not protected 
(Cameron 1980). W. maura is a woody species, resticted 
to perennially wet areas, and grows exposed to prevail-
ing winds . Post-fire reproduction is achieved by 
resprouting and reseeding (Gawith 1983). Adult plants 
sometimes reach 2 m in height. Flowering occurs from 
August to April. The inflorescences are terminal and 
comprise clusters of 2-6 flowers . Flowers range from 
50-70 mm in length and are tubular. They consist of a 
long perianth tube , greenish-yellow at the base changing 
to green and then black at the top of the tube . The tepals 
are lanceolate and covered with dense yellow pubes-
cence on their external surfaces. Three introrse anthers 
are attached to the top of the perianth and ovaries are 
three-celled. Each ovary has the potential to produce up 
to six two-grooved, rugose seeds, up to 8.0 x 3.5 mm in 
size (Gawith 1983) . Seeds are present from late March 
(pers. obs.) . W. maura individuals are self-compatible 
(Gawith pers . comm .). 
As the flowers of W. maura are most unusual and 
attractive, it is felt that potential exists for the cultivation 
of these plants (Hall & Veldhuis 1985). 
Although Gawith (1983) undertook a preliminary 
study of W. maura , little is known of its ecology . Rebelo 
(1987) states that W. maura is ornithopilous (bird 
pollinated), and Bond & Slingsby (1983) suggest that an 
elaiosome-like structure is present on seeds and that 
therefore ants might play a role in their dispersal 
(myrmecochory). In other iridaceous species, entomo-
phily is fairly common (e.g. Goldblatt 1984) and 
ornithophily also occurs (Rebelo 1987). Marloth (1915) 
and Gawith (1983) have reported sun bird visits to 
flowers of Witsenia . Le Maitre (1984) has investigated 
seed predation on Watsonia pyramidata . Such data are 
lacking for W. maura, and as this species is of 
conservation and possibly horticultural interest, we 
decided to investigate these aspects of the plants' 
ecology. Based on the studies cited above, the following 
hypotheses were tested: (a) W. maura is entomophilous , 
(b) standing pre-dispersal seed predation is low, and (c) 
seeds are not mymecochorous and therefore destruction 
of seeds by rodents should be high . 
Study sites 
Study sites were located in the Cape of Good Hope 
Nature Reserve (34°18'S ; 18°26'E). Two of the 
reserve 's six populations were studied , namely those at 
Suurdam and Bortjiesrif Road area . Both populations 
occur in the ' restionaceous tussock marsh' community of 
Taylor (1984) . At Bortjiesrif Road the plants fringe on a 
patch of 'Berzelia-Osmitopsis seepage' fynbos (Taylor 
1984). The Suurdam population occupies ca. 2 ha and 
flowering plants are abundant , while the Bortjiesrif 
Road population covers ca. 0.5 ha with plants sparsely 
distributed. Small streamlets inundate both areas during 
winter months. Distances between populations of W. 
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maura at the Cape of Good Hope Nature Reserve vary 
from ca. 1 km to ca. 3 km. 
Material and Methods 
Pollination 
The potential of insects to act as pollen vectors was 
investigated by collecting them from individual flowers. 
Flowers were cut and bagged with ethyl acetate to kill 
insects. Freely roaming insects on leaves were collected 
to determine whether they were transporting pollen 
between plants. They were dislodged from leaves by 
beating onto a sheet beneath the plants (Smithers 1981), 
picked up using an aspirator and placed separately in 
petri dishes. These insects were later scanned under a 
dissecting microscope for the presence of pollen. Witse-
nia maura pollen grains were large enough to distinguish 
this way and were counted. 
Insect and bird activity was recorded during January-
April 1988 in an attempt to determine the extent to 
which flowers were visited and how extensively these 
taxa moved between plants. Observations were made by 
a single observer at a time and at various times of day. 
The relative importance of insects and birds as pollen 
vectors was investigated by means of exclusion experi-
ments (Coetzee & Giliomee 1985). The following treat-
ments were applied in the Suurdam population to 15 
inflorescences in each case; A: birds and insects exclu-
ded using nylon gauze, B: only birds excluded (by wire 
mesh cages) and C: a control (i.e. birds and insects 
allowed free access to flowers). This experiment was set 
up during November 1987 and results gathered during 
April 1988. Pollination efficency was determined by 
comparing seed set for each treatment using two-way 
contingency table analysis (total counts of numbers of 
seed set) and the Kruskal-Wallis single factor analysis 
of variance with Dunns' method of multiple comparison 
(for percentages seed set) (Zar 1984). Any damaged 
exclusions (e.g. by wind) were excluded from the 
analyses. 
Pre-dispersal seed predation 
In situ seed predation was determined using an adapta-
tion of a method for monitoring herbivory in mediterra-
nean ecosystems (Fuentes et. ai. 1981) 
pre) = P(d).d 
where pre) = expected overall seed predation, P(d) 
proportion of sampled ovaries attacked and d 
estimated percentage of seeds destroyed per ovary. 
Fertilized ovaries were divided into age classes as 
follows: ovary fertilized, seeds developing; seeds mature 
and ready for dispersal. Fifty ovaries in each category 
were examined and the above formula applied. 
Post-dispersal predation and myrmecochory 
A cafeteria experiment (Bond & Breytenbach 1985) was 
used to determine whether rodents destroy fallen seed 
and if ants remove seeds, thus limiting predation and 
storing seeds safely. Freshly collected ripe seeds were 
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placed in petri dishes and subjected to various treat-
ments: (a) ants prevented from entering dishes using 
Plantex R and (b) rodents excluded by placing cages over 
dishes as well as by placing petri dishes over seeds in 
such a way that ants would still be able to gain access to 
seeds. Dishes were placed at 3-m intervals along 
randomly selected transects through the W. maura stand 
at Suurdam. These 'cafeterias' were left without seeds 
for a period, to allow animals to become accustomed to 
them, after which five seeds were placed into each of the 
20 dishes (10 ant exclusions, 10 rodent exclusions). 
Dishes were checked at the same time each day for 
removal of seeds. This experiment was repeated three 
times during May-June 1988 as this was judged to be 
the period during which maximum seed release 
occurred. The third time this was done, baited (with 
peanut butter, wax, raisins, peanuts and animal fat) 
rodent live-traps (Sherman traps) were set at each dish 
site to confirm the presence of rodent seed predators. 
Experiments were run for 5 days at a time when weather 
permitted. One hundred and eighty trap days/nights 
were obtained for rodent capture (i.e . 20 traps, 4.5 days, 
checking early morning, late afternon each day). Quali-
tative estimates of the occurrance of various ant taxa in 
the area were also made at this time to establish whether 
ants known to disperse seeds were present. 
Results 
Pollination 
The dominant insect flower visitors were found to be 
earwigs, Forficuia peringueyi (Dermaptera: Forficu-
lidae), Anisoiabris sp. (c.t.) (Dermaptera: Carcinophor-
idae) and a small pollen-feeding beetle, Pria cinerascens 
(Coleoptera; Nitidulidae), while small numbers of ants 
(Formicidae) and Myiabris sp. (Coleoptera; Meloidae) 
occurred on flowers, usually as nectar thieves and peri-
anth chafers respectively (pers. obs.; Gawith pers. 
comm .). Of the W. maura flowers investigated, 45.8% 
harboured up to two individuals of Dermaptera and P. 
cinerascens. Frequency of encounter of ants and Myia-
bris sp. was far lower (ca. 1-5% of flowers). 
Significantly more insects were found to visit flowers 
once anthesis had occurred (Mann-Whitney U test , 
normal approximation, Z = 2.86; P 0.005). Dermap-
tera collected from flowers carried an average of 16.6 
(range 0--91) W. maura pollen grains, and P. cinerascens 
an average of 22.8 (range 1--41) grains. No other pollen 
species were detected on these insects. Considerably less 
pollen was found on insects collected from leaves 
(Dermaptera 0--6 grains, P. cinerascens 0--8 grains). 
This may be due to the use of an unsuitable collecting 
method: the possibility exists that many pollen grains 
were dislodged from insects during beating and collec-
tion in aspirator tubes. However, 75.8% of all insects 
collected from leaves carried W. maura pollen exclu-
sively while only one ant was found to carry other pollen 
(apparently proteaeceous) and 24.2% appeared to carry 
no pollen. Observations of insect visitations showed that 
Dermaptera entered flowers, passing over the stigma 
and past the anthers, possibly on their way to forage on 
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nectar. T hese insects moved rapidly and appeared to 
move between individual plants. Pria cinerascens 
individuals were too small to observe when active 
outside flowers. These results indicate that the above-
mentioned insects are capable of fulfilling the role of 
pollen vectors . Ants were observed to enter the perianth 
to gain access to nectar by eating holes through the 
perianth wall , apparantly not coming into contact with 
stamens at any stage , though some were found to carry 
occasional pollen grains. No bird visitation to flowers 
was recorded in 21 h of observations, nor were any 
strong-flying insects such as bees and flies observed to 
visit the flowers. 
Results of exclusion experiments (Table 1) indicate 
Table 1 a Comparisons of seed set in Witsenia 
maura between pollinator exclusion treatments: 
results of two-way contingency table analyses (n 
= no. of flowers, A = insects + birds excluded, B 
= birds excluded, C = control) . Ho: no suppres-
sion of seed set occurred 
Fertilized Unfertilized 
Treatment n ovules ovules % Seed set 
A 59 21 327 6.0 
B 51 104 195 34.8 
C 57 117 216 35.1 
Comparison X2 df P Conclusion 
A vs. B 83.44 Reject Ho 
A vs. C 87.39 Reject H" 
B vs. C 8 X 10.4 NS Accept Ho 
Table 1 b Results of Kruskal-Wallis single factor 
analysis of variance and Dunns' multiple compar-
ison for above exclusion experiments (n = no. of 
inflorescences treated). Kruskal-Wallis test: Ho: 
no difference in seed set occurred between 
treatments 
Treatment 
n 
Rank sums 
Mean ranks 
A 
12 
134.5 
11.2 
B 
12 
288.0 
24 .0 
X2 = 10.45 ; df = 2; P < 0.01; Reject Ho 
C 
15 
357.5 
23.8 
Dunn's multiple comparison: Ho: seed set was equal in all 
treatments 
Comparison 
A vs. B 
A vs. C 
B vs. C 
* P < 0.05; ** P < 0.001 
P 
NS 
Conclusion 
Reject Ho 
Reject Ho 
Accept Ho 
Overall conclusion: exclusion of insects + birds led to suppres-
sion of seed set while exclusion of birds only, did not have any 
effect 
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that when birds (but not insects) were excluded from 
flowers, no suppression of seed set occurred. When 
insects and birds were excluded, however, (treatment 
A) , seed set was significantly lower than the control 
(Table 1). The fact that some seed set occurred in 
treatment A may be due to minute insects (e.g. 
Thysanoptera) or mites being able to enter the nylon 
bags used. The null hypothesis that W. maura is 
entomophilous is therefore not rejected . These results 
show only that insects can act as effective pollinators of 
W. maura; the possibility that birds may complement 
this process (sensu Rebelo 1985) must not be 
disregarded , although Gawith (pefs. comm.) reports 
that sunbirds only self-pollinate Witsenia and do not 
seem to move extensively between plants. 
Pre-dispersal seed predation 
A low proportion [pre) = 1.3%] of developing and 
maturing seeds were attacked by an unidentified insect. 
A slightly higher propotion [pre) = 4.3%] of mature 
seeds were destroyed. 
Post-dispersal seed predation and myrmecochory 
Two of the replicates of the seed dispersal/predation 
experiments were disrupted by heavy rain which flooded 
many of the dishes despite the provision of plastic cone 
shelters. May-July is the peak rainy period in this area 
(unpublished data , Cape of Good Hope Nature Reserve 
files) so these conditions were probably normal. During 
the third replicate of the experiment, ants cumulatively 
removed 16% of seeds available to them in 4 days, after 
which no further seeds were removed. Over the same 
period, rodents removed 4% of available seeds. 
Removal of seeds by ants was not significantly higher 
than by rodents (X 2 = 2.78; df = 1; 0.05<P<0.1O) . 
Qualitative observations of ants present in the study sites 
indicated that the following species of ants were present: 
Camponotus rufoglaucus (17.5% of individuals obser-
ved), Crematogaster sp. (52.5%), Pheidole capensis 
(15.0%) and Camponotus niveosetosus (15 .0%). Only 
the latter two species have been reported to be partici-
pants in myrmecochory. Ants were only seen on the 
periphery of populations of W. maura and on relatively 
dry patches within populations. 
Only one individual rodent (Rhabdomys pumilio) was 
captured during the 180 trap nights. R. pumilio does, to 
some extent , eat seeds (Smithers 1983). 
Discussion 
Although W. maura posseses traits (e.g. tube shaped, 
black, green and yellow flowers, polychromatic condi-
tion) compatible with ornithophily (Rebelo 1987) and 
potential avian pollinators (cape sugarbird, Promerops 
cafer and sunbirds, Nectariniidae) are common in the 
study area (Fraser pers. comm.), the results presented 
here indicate that insects are important pollinators at the 
Cape of Good Hope Nature Reserve populations . 
Although no birds were observed to visit flowers during 
this study, it remains a possibility that they may act as 
pollen vectors, possibly enhancing gene flow within 
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populations of Witsenia. However, the short outcrossing 
distances that one may expect in view of the results 
reported here, may well be beneficial to W. maura; Price 
& Waser (1979) have noted that microgeographic 
genetic differentiation is likely to occur in subpopula-
tions of plants when isolated, particularly when 
restricted pollen and seed dispersal occurs. They empha-
size that crossing between such populations may disrupt 
favourable gene combinations and lead to outbreeding 
depression. If this is the case with W. maura, long 
distance pollen dispersal (viz. ornithophily) may be 
deleterious. Such a situation may have arisen in W. 
maura, as recent climatic change (viz. from perennial 
damp to summer drought) has apparently fragmented 
and contracted its range (see Axelrod & Raven 1978; 
Taylor 1978; Gawith 1983). It is possible that during the 
course of these changes, well-established pollinators 
(birds or insects) may have switched to other plants in 
view of the reduced reward offered. W. maura may 
therefore have to rely on small, relatively mobile insects 
with comparatively low energy requirements. In this case 
the present pollination syndrome would represent a 
derived condition, best adapted to present conditions 
(c.f. Midgley 1988). 
The implication of Dermaptera and Nitidulidae as 
pollen vectors is not unique . Dermaptera act as noctur-
nal pollinators of sunflowers (Faegri & van der Pijl 
1979); Coetzee & Giliomee (1985) suggested that 
nitidulids can act as pollen vectors for Pro tea 
repens. Pria cinerascens is likely to be the more reliable 
pollen vector for W. maura 'as it is able to fly short 
distances. 
Faegri & van der Pijl (1979) suggested that the Formi-
cidae are 'villains in the pollination drama', acting as 
nectar thieves. The observed behaviour of ants (as well 
as Mylabris sp.) to chew through the perianth corrobo-
rates this hypothesis to some extent, as their activities 
may make flowers less attractive to pollinators (be they 
insects or birds) due to nectar/pollen loss. 
The levels of pre-dehiscent seed predation were low. 
These are probably slight underestimates of standing 
seed predation, as totally destroyed ovaries were not 
considered, due to difficulty in determining whether 
these ovaries were fertilized. These results contrast 
markedly with results obtained by Ie Maitre (1984), who 
found that up to 38.8% of Watsonia pyramidata ovaries 
were attacked by seed predators. He suggested that this 
species has adopted a mast seeding strategy to minimize 
seed predation. Witsenia maura does not mast seed, a 
yearly average of ca. 35% seed set appearing to be 
normal (Gawith 1983; and this paper). There was 
considerable variation in seed set, however (CV = 
79.9%). This, combined with the fairly low seed set may 
present a low-energy, nutrient-saving seed defence 
mechanism, making W. maura seeds an unpredictable 
food source. A similar hypothesis was proposed by 
Coetzee & Giliomee (1987) for Protea repens. The 
possibility also exists that a chemical defence mechanism 
operates here, and that variable seed set may be due to 
variable amounts of pollen being transported by vectors. 
Post-dehiscent seed predation levels recorded in this 
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study were also low when compared to levels recorded 
for other fynbos species. Bond & Breytenbach (1985) 
report that rodent predation of proteaceous seeds may 
be as high as 100%. Such levels occur where rodent 
population densities are relatively high (Bond & Brey-
ten bach 1985). Extremely low rodent densities were 
recorded during the present study, and the potential for 
seed predation is therefore low. Seed removal by ants 
was also found to be relatively slow. Bond & Breyten-
bach (1985) report that myrmecochorous Proteaceae 
seeds are removed from seed trays within 24 h. We 
suggest that myrmecochory is not important for dispersal 
of W. maura seeds. It is possible that the low rate of seed 
removal recorded by us was due to low ant activity. Ant 
activity ceases under rainy/wet conditions (Bond & 
Breytenbach 1985). As wet conditions are prevalant in 
the areas inhabited by W. maura and therefore ant 
activity probably low, and in view of the seed-dispersal 
results obtained in this study, it is proposed that seeds 
are dispersed by water rather than by ants, as tentatively 
suggested by Bond & Slingsby (1983). This suggestion is 
supported by results reported by Gawith (1983), who 
found that 37% of W. maura seeds germinated after 
being soaked in water for 3 months. This would also 
imply short-distance dipersal, as the plants usually occur 
on flat areas, and would probably be beneficial in terms 
of dispersal to suitable habitats, as these are usually 
localized. 
As Witsenia is a monotypic genus, every effort should 
be made to ensure its survival. This study has brought to 
light important aspects of the ecology of the species and 
hopefully will contribute to the management of its popu-
lations. For example, if an attempt is made to conserve 
populations by means of captive breeding, as has been 
proposed for rare plants (Hall & Veldhuis 1985), an 
effort should be made to ensure that only plants from the 
same populations are allowed to cross with each other, 
until conclusive data on genetic structure within and 
between populations are obtained. As Greig (1979) has 
stressed, our aim must be the 'separate maintainance of 
the genetic integrity of each component ecotype' and an 
effort must be made to avoid turning species into single 
demes. 
Further data on the role of insects in fynbos as pollina-
tors as well as their life cycles will show whether host-
specific pollinators occur, and this will be beneficial in 
the planning of burns in fynbos (e.g. planning to leave 
refugia for pollinators with specific requirements). 
Further studies are also required to elucidate the relative 
importance of avian pollination in fynbos. 
Results obtained in this study and others (e.g. Bond & 
Slingsby 1983; Bond & Breytenbach 1985; Coetzee & 
Giliomee 1985, 1987; Coetzee & Giliomee in prep.), 
indicate that small and unobrusive animals may play an 
important role in the population dynamics and evolution 
of fynbos plants. 
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